This study performed a detailed genetic analysis of the glycoprotein (G) gene of respiratory syncytial virus (RSV) detected in 50 Japanese children with acute respiratory infection (ARI) in the 2009/2010 season. A phylogenetic tree constructed by the neighbour-joining method showed that 34 and 16 of the RSV strains could be classified into subgroups A and B, respectively. Strains belonging to subgroups A and B were further subdivided into GA2 and BA, respectively. The nucleotide and deduced amino acid sequence identities were relatively high among these strains (.90 %). The deduced amino acid sequences implied that a relatively high frequency of amino acid substitutions occurred in the C-terminal 3rd hypervariable region of the G protein in these strains. In addition, some positively selected sites were estimated. The results suggest that RSV with genotypes GA2 and BA was associated with ARI in Japanese children in 2009/2010. Abbreviations: AdV, Adenovirus; ARI, acute respiratory infection; CI, confidence interval; EV, enterovirus; FEL, fixed effects likelihood; HBoV, human bocavirus; HMPV, human metapneumovirus; HPIV, human parainfluenza virus; HRV, human rhinovirus; IFEL, internal fixed effects likelihood; NJ, neighbour-joining; REL, random effects likelihood; RSV, respiratory syncytial virus; SLAC, single likelihood ancestor counting.
INTRODUCTION
Respiratory syncytial virus (RSV) in the genus Pneumovirus and family Paramyxoviridae causes acute respiratory infection (ARI) in children (Peter & James, 2006; Vardas et al., 1999) . RSV infection may cause major problems in infants ,1 year of age and can lead to life-threatening ARIs such as bronchiolitis and bronchopneumonia (Leung et al., 2005; Shay et al., 1999; Yorita et al., 2007) . In addition, recent studies have shown that RSV infections may be associated with the initiation or exacerbation of asthma (Pérez-Yarza et al., 2007; Sigurs et al., 2000) .
The RSV genome encodes ten proteins (Peter & James, 2006) . Among these, the attachment glycoprotein (G) is a major structural protein and may be associated with both infectivity and antigenicity (Anderson et al., 1985; Johnson et al., 1987; Rueda et al., 1991) . Previous reports suggest that the amino acid sequences of the G protein show both conservative and hypervariable regions (Cane et al., 1991) . The highly conserved region is mainly a receptor-binding region between aa 164 and 176, whilst the C-terminal 3rd hypervariable region is situated around positions 210-290 (Botosso et al., 2009) . This region contains multiple epitopes for neutralizing antibodies (Palomo et al., 1991) . Indeed, there may be a mass of sites under positive selection in this region. In addition, the G protein partially mimics a chemokine (CX3C) as well as fractalkine (a chemokine, CX3CL1) (Tripp et al., 2001) . Thus, it is important to analyse the G protein to obtain a better understanding of the properties of RSV.
Molecular epidemiological studies have shown that RSV can be classified into two phylogenetic subgroups, RSV-A and RSV-B (Mufson et al., 1985) . The strains of subgroup A can be subclassified into eight genotypes (GA1-GA7 and SAA1), as can those of subgroup B (BA, GB1-GB4 and SAB1-3) (Parveen et al., 2006) . A recent study showed that subgroup A genotypes GA1, GA2, GA5 and GA7, and subgroup B genotype BA have been detected in the USA (Rebuffo-Scheer et al., 2011) . In addition, our recent studies suggest that GA2, GA5 and BA are detected in most Japanese infants with ARI (Fujitsuka et al., 2011; Goto-Sugai et al., 2010; Nakamura et al., 2009) . However, the molecular epidemiology of RSV remains to be clarified. Phylogenetic methods such as neighbour-joining (NJ) are frequently used to analyse the molecular epidemiology of various virus genomes. The NJ method is based on an algorithm that enables cluster analysis and evaluation of the rate of virus evolution (Kimura, 1980; Saitou & Nei, 1987) . In addition, the maximum-likelihood method provides an estimation of the time rate of virus evolution (Felsenstein, 1981; Gojobori et al., 1990) . Using these methods, we conducted a detailed genetic analysis of the G gene in RSV isolates detected from children with ARI in Japan in the 2009/2010 season.
METHODS
Samples and patients. Nasopharyngeal swabs (n5709) were collected from patients with ARI. The patients were diagnosed with common cold, influenza-like illness, bronchitis, bronchiolitis, wheezy bronchiolitis and pneumonia. Samples were obtained by the local health authorities of the Aomori (northern Japan, n514), Gunma (central Japan, n5332) and Kumamoto (southern Japan, n5363) prefectures for the surveillance of viral diseases in Japan between September 2009 and April 2010. A distance of 500-1200 km separates each sampled area. Informed consent was obtained from parents or guardians to perform sampling. We primarily isolated various viruses from the samples using cell-culture methods for Vero E6, RD18S and Madin-Derby canine kidney cells. Next, in the samples negative for isolation, we detected various respiratory viruses such as influenza A (H1N1) pdm09 virus, seasonal influenza virus (subtypes A, B and C), human parainfluenza virus (HPIV; types 1-4), adenovirus (AdV), human rhinovirus (HRV), human metapneumovirus (HMPV), enterovirus (EV) and human bocavirus (HBoV) by (RT)-PCR, as described previously (Allander et al., 2005; Bellau-Pujol et al., 2005; Echevarría et al., 1998; Miura-Ochiai et al., 2007; Nakauchi et al., 2011; Olive et al., 1990; Takao et al., 2004; Zhang & Evans, 1991) . In addition, we attempted to isolate and/or detect various respiratory bacteria such as Haemophilus influenzae, Legionella pneumophila, Neisseria spp. and Bordetella pertussis by culture and Streptococcus spp. using a kit (Bisno et al., 1997) . We also detected Mycoplasma pneumoniae by PCR (Nadala et al., 2001) . None of these bacteria was isolated or detected in any of the samples.
RNA extraction and RT-PCR for detection of RSV. Samples were centrifuged at 3000 g at 4 uC for 30 min, and viral RNA were extracted from the 140 ml supernatant using a QIAamp Viral RNA Mini kit (Qiagen). Reverse transcription was performed using a PrimeScript RT Reagent kit (Takara Bio) according to the manufacturer's instructions. RT-PCR of the RSV G gene was carried out with the following primers: forward primer ABG490 (59-ATGATTWYCA-YTTTGAAGTGTTC-39, corresponding to nt 497-519 of the G gene of reference strain A2 and nt 491-513 of reference strain 18537) and reverse primer F164 (59-GTTATGACACTGGTATACCAACC-39, corresponding to nt 151-173 of the G gene of strain A2, and nt 164-186 of the fusion protein gene of strain 18537, with one mismatch with the G gene of strain A2; Sullender et al., 1993) . PCR was initiated at 94 uC for 1 min, followed by 35 cycles of 94 uC for 40 s, 50 uC for 45 s and 72 uC for 45 s, with a final extension at 72 uC for 10 min. The amplicon sizes were 607/610 bp and 670 bp for group A/B and BA viruses, respectively. The PCR product was purified with a QIAquick PCR Purification kit (Qiagen). The purified products were sequenced using a BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) using the two primer sets above. Sequence analysis was performed on an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems). General precautions were taken to prevent carry-over contamination of PCR, as described previously (Lam et al., 2007) .
Phylogenetic analysis and calculation of pairwise distances (pdistances). We analysed the nucleotide sequences (nt 505-894, 390 bp for A2; nt 502-951, 450 bp for reference strain BA4128B/99B) and the deduced amino acid sequences (130 aa for GA2; 150 aa for BA). Phylogenetic analysis of the nucleotide sequence of the G gene was conducted using the CLUSTAL W program available from the DNA Data Bank of Japan (http://www.ddbj.nig.ac.jp/index-j.html) and Tree Explorer version 2.12 (http://en.bio-soft.net/tree/TreeExplorer. html). Evolutionary distances were estimated according to Kimura's two-parameter method, and the phylogenetic tree was constructed using the NJ method (Kimura, 1980; Saitou & Nei, 1987) . The reliability of the tree was estimated with 1000 bootstrap replications. In addition, we calculated the p-distances for the isolated strains to assess the frequency distribution of RSV-A and RSV-B, as described previously . 
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Detection of positively selected sites in the C-terminal 3rd hypervariable region of the G gene and estimation of evolutionary rate. Positive selections were identified using DATAMONKEY (http:// www.datamonkey.org) (Pond & Frost, 2005) . We used the following four methods to estimate the synonymous (dS) and non-synonymous (dN) rates at every codon in the alignment: (i) single likelihood ancestor counting (SLAC), (ii) fixed effects likelihood (FEL), (iii) internal fixed effects likelihood (IFEL) and (iv) random effects likelihood (REL). SLAC, FEL and REL methods detect sites under selection at external branches of the phylogenetic tree, whilst the IFEL method investigates sites along the internal branches. Positive selection (dN.dS) was determined by a P value of ,0.1 (SLAC, FEL and IFEL) or by a Bayes factor of .20 (REL). In addition, we estimated the evolutionary rate for a phylogeny consisting of dated tips. The evolutionary rate is an additional parameter used to scale the times of the internal nodes into units of the expected number of substitutions per site. Phylogenetic analyses by the maximum-likelihood method based on the single rate dated tips model was performed using the TipDate webserver (http://mobyle.pasteur.fr/ cgi-bin/portal.py?#forms::tipdate; Rambaut, 2000) .
RESULTS

Detection or isolation of RSV and other viruses, and seasonal variations of RSV
We attempted the genetic detection and isolation of RSV, influenza virus, HPIV, AdV, HRV, HMPV, EV, HBoV and Molecular epidemiology of the G gene in RSV bacteria in samples obtained from 709 Japanese patients with ARI. Although no RSV was isolated in the samples, RSV alone was detected by RT-PCR in 50 patients with ARI (7.1 %) and was prevalent from January to February in 2010. These RSV-positive patients were diagnosed mainly with bronchitis, bronchiolitis and pneumonia. The number of isolates and amplicons detected by performing (RT)-PCR on the other viruses was 438 (61.8 %) for influenza A pdm09 virus (H1N1), six (0.8 %) for influenza A virus (H3N2), 25 (3.5 %) for HRV, eight (1.1 %) for HPIV, seven (1.0 %) for EV, 13 (1.8 %) for AdV and three (0.4 %) for HMPV. No HBoV was detected in any of the samples and no viruses were detected in 159 of the samples. RSV and other viruses were detected in patients aged 1.8±2.0 and 11.6±13.0 years (means±SD), respectively. No differences attributable to the male-to-female ratio were observed. To understand better the molecular epidemiology of the G gene of RSV, we analysed the gene from patients in which only RSV was detected.
Phylogenetic analysis, identity and p-distances in the present strains Phylogenetic trees (NJ method) based on the nucleotide and deduced amino acid sequences of the G gene are shown in Fig. 1(a, b) . The tree enabled classification of 34 and 16 strains into subgroups RSV-A and RSV-B, respectively. In addition, the strains in this study could be subdivided into two genotypes (GA2 and BA, Fig. 1 ). The predominant strains belonged to RSV-A. RSV-A and RSV-B strains shared 97.7-100 and 94.2-100 % nucleotide sequence identity, and 94.4-100 and 91.7-100 % amino acid sequence identity, respectively. In addition, we calculated the p-distance between the strains in this study (Fig. 2) . The p-distance values of RSV-A and RSV-B at the nucleotide level were 0.010±0.006 and 0.028±0.017 (mean±SD), respectively, whilst those at the amino acid level were 0.023±0.012 and 0.041±0.024, respectively. The p-distance values between RSV-A and RSV-B were not significant. These results suggested that the prevalent RSV strains in the 2009/2010 season in Japan were highly homologous.
Substitutions in the C-terminal hypervariable region, positively selected sites and rate of molecular evolution of the G gene in the RSV isolates
The amino acid sequences of RSV-A and RSV-B were compared with the prototype Long and BA4128/99B strains, respectively (Fig. 3a, b) . We confirmed amino acid substitutions in the deduced sequences in the G protein and estimated the positively selected sites in the C-terminal 3rd hypervariable region of the protein using the SLAC, FEL, IFEL and REL methods. We estimated that four sites in the RSV-A strains isolated in this study (Asn250Ser, Met262Glu, Arg297Lys and Arg297Glu) were under positive selection by the REL method. The IFEL method estimated that Asn273Tyr and Leu274Pro of HRV-A, and Leu237Pro of RSV-B were under positive selection. We estimated the rate of molecular evolution of the G gene in RSV . The results suggested that the C-terminal hypervariable region of the G protein in the present RSV-A and RSV-B strains had some positively selected sites with high rates of molecular evolution.
DISCUSSION
We conducted a molecular epidemiological study of the G gene in RSV detected from Japanese patients with various ARIs such as upper respiratory infection, bronchiolitis, bronchitis, influenza-like illness and pneumonia in the 2009/2010 season. RSV was detected in 7 % (50 of 709 nasopharyngeal swabs) of patients with ARI in the present study. Among these strains, phylogenetic analysis showed that 34 and 16 strains could be classified into genotype GA2 of RSV-A and genotype BA of RSV-B, respectively. The identities of nucleotide and amino acid sequences of these RSV-A and RSV-B isolates were high (.90 %). Some positively selected sites in the C-terminal 3rd hypervariable region of the G gene were estimated. In addition, the rate of molecular evolution of the region might be high. Although we analysed a relatively small number of RSV strains, such strains might have been associated with ARIs in the 2009/ 2010 season in Japan.
The G protein is a major antigen of RSV (Peter & James, 2006) . This protein includes a hypervariable region with regard to epitopes for neutralizing antibodies in the C-terminal 3rd hypervariable region of the protein (Palomo et al., 1991) . In addition, frequent amino acid substitutions, as positively selected sites, might exist in this region (Woelk & Holmes, 2001 ). Previous reports suggest that there are 29 sites under positive selection in RSV-A (Botosso et al., 2009) . In the present study, we estimated some positively selected sites in the region. Specifically, Asn250Ser, Met262Glu, Arg297Lys and Arg297Glu substitutions in the RSV-A strains were estimated by the REL method, and Asn273Tyr and Leu274Pro substitutions of HRV-A, as well as the Leu237Pro substitution of RSV-B, were estimated by the IFEL method. Furthermore, it is possible that differences in the positively selected sites in the hypervariable region are a result of primary or secondary infection by RSV (Gaunt et al., 2011) . In general, primary RSV infection occurs in children ,2 years old, whilst most secondary RSV infections are seen in children .2 years old (Glezen et al.,1986; Hall, 2004) . When primary infection occurred in patients ,2 years old in the present study, no differences in the positively selected sites in the detected viruses were found between primary and secondary infection cases (data not shown).
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In general, the evolutionary rate of structural proteincoding genes may be faster than non-structural proteincoding genes in various viruses (Yeo et al., 2007) . Previous reports suggest that every virus shows a unique rate of evolution of structural protein-coding genes. For example, the rate of evolution of the haemagglutinin gene in seasonal influenza virus subtype A (H1N1) is estimated at 1.7610 23 substitutions per site per year (Furuse et al., 2010; Graham et al., 2011) . In contrast, the evolutionary rate of the haemagglutinin-neuraminidasecoding region of HPIV-1, another paramyxovirus, is relatively slow (7.68610 24 substitutions per site per year; Mizuta et al., 2011) . In the present study, the evolutionary rate of the C-terminal hypervariable region in RSV-A was 1.92610 23 substitutions per site per year and 3.59610 23 substitutions per site per year in RSV-B. These rates are faster than those of previous reports (Zlateva et al., 2004 (Zlateva et al., , 2005 . This may be because we estimated for the hypervariable region in the C-terminal one-third of the protein, whilst other authors analysed other coding regions, including relatively conservative regions (Zlateva et al., 2004 (Zlateva et al., , 2005 .
Previous reports suggest that RSV is prevalent during the autumn/winter season in a number of countries including Japan (Reiche & Schweiger, 2009; Sato et al., 2005) . For example, Fujitsuka et al. (2011) showed that RSV detected during this season may be associated with wheezy bronchiolitis in Japanese infants. Thus, our results appear to be consistent with those of previous studies.
In conclusion, RSV strains detected in samples from patients with ARI in the 2009/2010 season in Japan appeared to be highly homologous and exhibited a high evolutionary rate of the G gene. Moreover, these strains had some positively selected sites in the G protein. Thus, these RSV strains may have been associated with various ARIs in Japan during the investigation period. (8) . 
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